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b llcriptldn ? . 

This invention relates to conjugates which comprise polypeptides incorporating an an^nic detern^nant 
coupled to a carrier, to their preparation and to their use in raising antibodies. 

5 The alms of a good vaccine should be to provide a rapid onset of intmunity that of long duration and 
provides ImnninQlogical memory for a subsequent inoculation or encounter with the infectious agent The vac- 
cine formulation must also be easy to administer, stable, have minimal side effects and produce broad protec- 
tion in the rBc4>ient These aims are laigely met by many existing commercial produ^ l-lowever, conventbnal 
vaccines based on inactivated infectious agents do present problems. These include the undefined nature of 

10 the immunizing antigen, whether the product is truely binoouous, rtek associated with handling large amounts 
of infectious material. slab9ity and limitations on the mode of presentation, generally resulting from problems 
ofstabiity. 

In an attempt to produce more stable and defined vaccines scientists have been studying the immune re> 
sponse to many infectious agents in detafl in order to identify the critical epitopes involved in providing proteo- 

f 5 tive Immunity. Armed v^ith this knowledge ft is now possible to mimic such epitopes by producing short peptides 
and to use these as the basis of a vaccine. The advantages of such peptide t>ased vaccines are numerous. 
They are chemicaDy defined, statue indefinitely and no infec^us material is invc^ed In their manufacture. Fur- 
thermore, they can be designed to stimtdate the appropriate immune response and provide ttie opportunity 
for using novel delivery systems and for targetting the ant^en. From the manufacturers viewpoint they should 

20 also reduce the need for a large scale production plant and for complex downslream processing of the product 
Despite these dear advantages a number of criticisms have been leveOed at peiptide-based vacdnes. 
These Include the requirements for undefined carrier proteins and the belief that the fammunogenidty of a pep- 
tide antigen could never approach that of the native organism. It was generally assumed that due to their rel- 
atively small molecular ^ze many synthetic peptides would behave like haptens and would requnre coupling 

25 to a large "foreign" protein carrier to enhance their immunogentoity. Immunization with such con^ates often 
resulted in the production of antl-peptide antibodies that totally failed to recognise the native protein or infec- 
tious agent due tothe method of peptide/carrier linkage. Other problems, of part&:ular relevance to vaccination, 
that could be encountered were hypersensitivity to the "foreign" carrier protein and poor t>atch to batch repro- 
ducibility of the conjugates. 

30 There has recentiy been interest in the use of hepatitis B core antigen (HBcAg) as a carrier protein. Clarke 

et al, Nature 330. 381-384, 1987 descrit>e a fusion protein composed of the major antigenic site of the VPi 
capsid protein of foot-and-mouth disease virus (FMDV) fused to the amino-terminus of HScAg. The fuskMi pro- 
tein self-assembled into regular 27 nm core-like particles. These particles were alnrast as immunogenic with 
respect to FMDV as the native virus itself. 
. as .. 'M^^^^ EP^A-027f 3O2 claims immunogenic polypeptide oonjugates comprising HBcAgoperetively linked through^ 
an amino add residue side chain to a polypeptide immunogen. It also claims immunogenic fusion proteins com- 
prising HBcAg protein operatively linked by a peptide tiond to a pathogen related immunogen. Spedfte T cell 
stimulating polypeptides are claimed too. 

We have investigated chenvcally coupling polypeptides to HBcAg particles. Each time, however, satisfac- 

40 tory results could not be obtained. In partkadan 

1. We sought to couple hepatitis B surface antigen (HBsAg) to HBcAg via sMe chain amino groups on 
HBcAg by derivatising the HBcAg particles with succinimklyM-(N-maleimklo-methyl)-cyclohexane-1- car- 
boxylate (SMCC). Little or no derivatisatxm of the HBcAg particles occurred. 

2. The approach in 1. was repeated but using m-maleknido^benzoyl-h^-hydroxysucdntmide ester (MBS) 
45 instead of SMCC. Again, littie or no derivatisation of the HBcAg particles occurred. 

3. Coupling of HBsAg to HBcAg particles was tried with giutaraldehyde. Coupling occurred at a h^h con- 
centration of giutaraldehyde. However, the giutaraldehyde badly damaged the HBsAg. There was a se- 
verely reduced response to HBsAg when the resulting complexes were administered to mice. 

4. We sought to couple a Cys-containing FMDV VP1 141-1 60 peptide to skJe chain amino groups on HBcAg 
50 using bls(maleimkle)methyl ester(BMME).The HBcAg particles were reduced, derivatised with BMME and 

reacted with the peptide. Although coupling occurred, only low antibody responses to FMDV were induced 
by the resulting material. 

In order to overcome these difficulties, we expressed a fiisfon protein composed of a short Lys-containing 
sequence fused to the amino terminus of HBcAg. We then coupled peptides to this modified HBcAg protein 
55 via the side chain amino group of the Lys residue. Coupling proceeded successfully. The resulting conjugates 
raised both antipeptide and neutialistng antibody. Th m thod ts simpt . ef f k:ient and can allow the peptid 
to be coupled in a defined operation. 

Accordingly, the present Inventfon provMes particles whk:h are composed of HBcAg provided with a N- 

2 
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terminal extension incorporating a Lys residue within the first fourteen N-terminal amino add residues of th 
xtension and t which are coupied via the side chain amino group of the said Lys residue a polypeptide which 
presents an antigenic epitope. 

Any desired polypeptide may be coupled to the modified HBcAg particles. H wever, present on the poly- 
peptide there needs tobeB group such as -NH2 or-SH capable of being coupled to the side chain amino group 
of the Lys residue in the N-terminal extension of HBcAg. The polypeptide typically presents a fore^n epitope, 
i.e. an epitope which is not an eptope of HBcAg. 

The polypeptide may comprise an antigenic epitope capable of raising neutraHsing antibody, for example 
an epitope d an infectious agent such as a virus, bacterium or protozoan, it may be an epitope of a non-infeo- 
tious agent such as a growth hormone fragment The polypeptide may comprise repeats of an epitope, for ex- 
ample up to eight or up to four copies of an epitope. Two copies of an epitope may therefore be present In the 
polypeptide. A polypeptide may comprise two or more different epitopes, for example three or four; 

As examples of viruses whose epitopes may be presented there may be mentioned hepatitis A virus, hep- 
atitis B virus, influenza virus, foot-and-mouth disease virus, poliovirus, herpes simplex virus, rabies virus, hu- 
man immunodefK^iency virus type 1 (HIV-1), HIV-2. simian immunodeficiency virus (SIV), human rhtnovirus 
(HRV), dengue virus and yellow fever virus. The polypeptide coupled to the modified HBcAg may be therefore 
HBsAg or a polypeptide comprising the major FMDV VP1 antigenic site. A protozoan whose epitopes may be 
provided Is the malaria parasite Plasmodiurh falciparum. 

Apeptide incorporating the major FMDVVP1 antigenic site which may be employed comprises a sequence 
starting at a residue from 137 to 142 and ending at a residue from 1 60 to 162 of VP1 of FMDV, for example of 
any of the FMDV serotypes. Typical sequences ara VP1 residues 140 to 162, 140 to 160, 1 37 to 162, 137 to 
160 or 141 to 160. A polypeptide comprising tandem repeats of such a sequence or mixed serotype tandem 
repeats of such a sequence can be coupled to the modified HBcAg particles. 

Suitable peptides comprising tandem repeats of the major FMDV VP1 antigenic site are peptides compris- 
ing consecutive sequences, each sequence made up of no more than 30 amino acid residues and comprising 
the same immunogenic sequence. This immunogenb sequence is: 

(i) a sequence starting at a residue of from 137 to 145 and ending at a residue from 150 to 162 of VP1 of 
FMDV suth type 0|, or 

(ii) a sequence of corresonding amino add residues of another subtype of serotype 0 or of a subtype of 
a different FMDV serotype. 

The peptides may therefore be tandem repeats of an immunogenic sequence. Alternatively, a peptide com- 
posed of consecutive sequences may be provided In which one or more of the sequences comprises additional 
amino acid residues not actually part of the repeated knmunogenic sequence. Such additional amino add re- 
sidues may t>e present to linlc each immunogenic sequence. Such a linking sequence may be composed of up 
'teebcamino acid residues, for example fromi to3: V\%houtsuch linkingfesidues^ each imnuinogeni^ 
is bonded directly to the next 

The peptides can comprtee any number of repeats of the immunogenic sequence. For example, from two 
to eight and. more preferably, from two to four repeats may be present The peptides niay or itiay not end at 
the C-terminal and/or N-terminai with a non-natural cystolne residue. 

The sequence comprising the immunogenic FMDV sequence consists of no more than 30 amino acid r»> 
sidues. The length of the sequence depends on the length of the immunogenic sequence although additional 
linking amino add residues and possibly a C-terminal and/or N-terminai non-naturai cysteine may be present 
too. Preferably, however, each consecutive sequence is no more than 26 residues long. 

The peptides present repeats of the major FMDV VP1 inrununogenk: site. The major FMDV epitope is typ- 
ically defined by at least amino add residues 142 to 160 of the VP1 capsid protein. This applies in particular 
to serotype O^, An inununogenic sequence which may therefore be repeated is that defined by VP1 amino 
add residues 142 to 160 of FMDV serotype O1, optionally eWending down to amino add 1 37 at the IM-termlnal 
and/or up to amino add 162 at the C-terminai, or by corresponding amino adds of another serotype. Typical 
sequences are VP1 residues 140 to 162. 140 to 160, 1 37 to 162 or 137 to 160 of serotype O or A, for example 
of subtypes Of and At2. These typical sequences may be repeated twice, for example. Useful peptides are, 
using the one-letter code: 
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(137-162, )-(137-162,0^ )-Cyst 

( NRNAVPNLRGDLQVLAQKVARTLPTS ) , , C ; 

(137-162,0^ )-( 137-162, »-Gly: 

( NRNAVPNLRGDLQVLAQKVARTLPTS ) , G ; and 

(137-162, A^, )-{137-162,A^ J )-Cys: 

( YSASGSGVRGDLGSLAPRVARQLPAS ) ^ ^ C . 



Smaller immunogenic sequences of the FMDV epitope may be presented, however. For example, the se- 
ts quence defined by VP1 lesldues 145 to 150 of serotype 0% way be presented in this way. Consequently, the 
FMDV sequence which can be repeated may be defined more broadly by VP1 residues 145 to 150 of serotype 
Of, optionally extending down to amino add 137 at the N-termlna! and/or up to amino add 162 at the C-ter- 
minal. or by corresponding amino adds of another serotype. Useful smaller peptides are: 

20 

(145-150, )-{145-160,O^ )-Cys: 
RGDLQVRGDLQVLAQRVARTLPC; and 
2s (145-150,0^ )-(145-150,O^)-(145-160,0j)-Cyss 

RGDLQVRGDLQVRGDLQVLAQKVARTLPC. i 

Suitable peptides comprising mixed serotype tandem repeats of the major FMDV VP1 antigenic site are 
30 represented by the formula 0): 

C-X-Y-Z-C" (I) 

in which X represents (i) a sequence starting at a residue firom 137 to 142 and ending at a residue tirom 160- 
1 62 of VP1 of FMDV subtype 0^ or (iQ a sequence of corresponding amino add residues of another subtype 
of serotype d CHT of a subtype of a different FMDV serotype; 
35 Y represents a direct bond or a linking sequence of up to sbc amino add residues; 

Zvmpresents a sequencedeOitedasforJCJtait^a.diffemnteerDtype^thaniha . 
by X; and 

C and C** each Independently represent an optional cysteine residue. 
Each Immunogenic sequence X and Z is defined by VP1 amino add residues 142 to 160 of FMDV serotype 
40 Ot, optionalty extending down to amino add 137 at the M-terinlnal and/or up to amino acki 162 at the C-ter- 
minal, or by corresponding amino adds of another subtype of serotype 0 or of a subtype of a different FMDV 
serotype. Typical sequences are VP1 residues 140 to 162* 140 to 160. 137 to 162 or 137 to 160. 

The inununogenic sequences X and Z are of different serotypes. There are seven FMDV serotypes: O, A» 
C, Asia 1 , SAT 1, SAT 2 and SAT 3. A useful peptide comprises and A12 sequences in either order. The inv 
45 munogenic sequences may be linked directly or via up to six« for example from 1 to 3. amino add residues. 
Preferat>ly. a C-terminal non-natural ^teine residue is present Prefsned peptides aie, according to the one- 
letter code: 

(137-162,Oj)-(137-162,Aj,')-Cys: 

50 

NRNAVPNLRGDLQVLAQKVARTLPTS-YSASGSGVRGDLGSLAPRVARQLPAS-C ; and 
(137-162, A^, )-(137-162,0, )-Cys: 

YSASGSGVRGDLGSLAPRVARQLPAS-NRNAVPNLRGDLQVLAQKVARTLPTS-C. 

A prefierred polypeptki for coupling to the modified HBcAg partides comprises the HRV Nbrvll epitope 
f EP-A-02B7395. Thb epitope is defined by amino add residues 156 to 164 of VP2 of HRV2 or equivalent 
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amino acid residues! of another HRVl These andno adds maybe replaced by c^heramuio adds which do not 
affect the ant!igi9n|city of the seiquence. For HRV2» the NIm-il sequence is 

VRAETRLNP. 



Equivalent amino add residues of other HRNTs are the VP2 amino add residues corresponding to the VP2 
anuno add residues 156 to 164 of HRV2. In other words, they can be the counterpart VP2 residues of another 
HRV seiDtype. These can readOy be determined by lining up the VP2 sequencctpf another HRV with the VP2 
10 sequence of HRV2. This is a straightforward matter because of the homdogy between VP2 sequences of dif- 
ferent types of HRV. 

The pdypeptides may be relatively short peptides of up to 50. for example of up to 40 or of up to 30. amino 
add residues. Alternatively they may be longer of up to, for example 100 or 200 amino add residues in length. 
They may be proteins. They may have been obtained by chemlod synthesis or by recond^iiant DMA method- 
IS ologies. 

The partides to which the pdypeptides are ooufrfed consist essentially of HBcAg provided with a N>ter- 
minai extension which incorporates s Lys residue. HBcAg self-assembles Into partides 27 nm in dtemeter. The 
modified HBcAg's also self-assemble to form core-like partides. More than one Lys residue may be present 
in the N-terminai extension. Up to sbc Lys residues, for example up to four Lys residues, may be provided. 

20 The N-terminal extension may have any appropriate length provided the HBcAg with the extension can 
self-assemble into core-like partides and provided a Lys residue in the exfenston is exposed available for cou- 
pling. The extenston may be up to 250. for example up to 200 or up to 100 amino add residues tong. Ashort 
extension nuiy be up to 60. for example up to 40. 20. 10 or 5. amino add residues k>ng. 

A suitable extensbn comprises reskiues 95 to 1 02. for example 95 to 1 04. of the VP1 capsM protein of a 

25 strain of pdiovn-us type 1 (PV1) such as the Sabin or Mahoney strain: 





Sabin 


PVl 


VPl 


95-102 


SASTKNKD 


30 


Sabin 


PVl 


VPl 


95-104 


I SASTRNKDKL 




Mahoney 


PVl 


VPl 


95-102 


: PASTTNKD 




Mahoney 


PVl 


VPl 


95-104 


PASTTNRDKL 



35 

K denotes Lys. These sequences span the proposed major antigenic site on PVl VPl. Another suitable ex- 
tenston comprises residues 1 56 to 164. for example 156 to 170, of the VP2 capsM protein of HRV2 or equh^lent 
amino add reskiues of another HRV. For HRV2, these residues are: 

40 

156*164: VKAETRLNP 



156-170: VKAETRLNPDX.QPTE 

45 

The PVl- or HRV- derived sequences may be provided with linker sequences at either or each end, for 
example of up to 5 or of up to 3 amino add residues. For any N-terminal extension of HBcAg. there is at least 
one Lys residue ^hin the first fourteen N-terminal residues, for example one Lys residue within the first five 
or first tweh^e such residues or two Lys residues within the first fourteen N-terminal residues. For a selected 
59 polypeptide it Is wished to couple, it may be appropriate to choose a HBcAg with a N-termlnal extension com- 
prising a Lys residue dose to the N-termlnus of the extension. Also, the N-terminal extension may desirably 
be hydrophilic. 

Amodif led HBcAg provided with a N-terminal extension comprising one of these sequences or any other 
sequence incorporating a Lys residue may be obtained by genetic engineering, for example according to JP- 
55 A-196299/88. More sp ctfically, such a m dified HBcAg may be ok>tained t>y providing a gene encoding the 
modified HBcAg in an appropriate expr ssion vector and expressing th modifi d HBcAg In a host transformed 
with the vector. 

A gene encoding the modified HBcAg may b prepared by synthesising a DNA sequence needing the 
desired N-lerminal extension and. with appropriate linkers as necessary, ligating it to the 5 -end of a ONA se- 
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quefice_ Roqding HBcAg. Th resulting DNAsequ nee can thus be provided in an expression vector under 
the contai of appropriate transqiptional and translational regulatory sequences. The modified HBcAg is ax- 
pressed In a suftable procaryc^ eucaryi^c host such as a strain of E^j^i, Sah^^ 
ered as partides. 

An expressbn vector, suc^ as a ptasmid, capable of exprsssfng HBcAg may be employed where there is 
an approprats rsstriction s to at the 5'-end of the DNA sequence encoding HBcAg. A DMA sequence encoding 
the desired hMerminai extension f6r.HBcAg is Inserted at that sfte. A fusion protein with the N-tenrdnd exten- 
sion linked to the amino-terminus of HBcAg is expressed. 

A suitable expression vector is plasmid pBc404. coll (JM 101) hari)ounng thte^plasmid was deposited 
at the National Collection of Indi^trfal and Marine Bacteria, At>erdeen, GB on 9 February 1989 under accession 
number NCIB 4011 1 . This plasmid codes for an amplcfltlnase gene as selection marker and possesses a strong 
bacterial promoter. tac» located upstream of the HBcAg gene. The presence of restrictfon sites EcoRI and Banv- 
Hl aOows the insertion of a synthetic oligonucleotkle coding for any desired N-termlnal extensbn for HBcAg. 

Conjugates are prepared according to the invention by coupling the pc^ypeptlde presenting an antigenk: 
determinant to the modified HBcAg via the side chain amino group of the Lys residue present within the final 
fourteen N-ter mlnal amino add residues of the modif ted HBcAg. Th Is is typically achieved by reacting the modi- 
fied HBcAg with a bifunctbnai reagent capable of linking to an amino group and to a sulphydryt group. The 
thus-derivaUsed modiftod HBcAg is reacted wfth the polypeptide which, if not possessing a firee sulphydryi 
group, has been modified so that it does possess such a group. 

Suitable bifunctional reagents indude SMCC, MBS and N>succintmidyi-3^2-pyridyldlthlo)pfoprionate 
(SPDP). The bifunctional reagents generally indude a group capable of forming a peptide link and a group ca- 
pable of forming a disulphide or thioether link. A sulphydryi group may k>e provMed on the polypeptkle it is 
wished to couple to the mod? ied HBcAg by the provision of a N-terminal and/or C-terrninai Cys reskhie or by 
reaction of amino functions with 2-iminothtolane or the N-hydroxysuccinnmide ester of 3-(3-dithlopyridyl}pro- 
pbnate or S-acetylthk>glycolic add. After reaction with S-acetyithiogiycolic add l^hydroxysuccinffnide ester 
(SATA) deacetylatk>n of the SATA with, for example, hydroxyiamlne produces free -SH groups. 

In practice, the modified HBcAg parfa'des are generally provided in a buffer such as phosphate buffer at 
a pH of about 7. A molar excess of the bifunctional agent in an inert sohrent for example an aprotk: organic 
advent such as dimsthytformamlde, is added. Derivatisatfon of the HBcAg partides occurs. Excess of the bi- 
fiinctfonai agent is removed, by f itratfon for example. Excess of the poiypeptUe to be coupled to the HBcAg 
partides is then added. Coupling occurs and the resulting conjugates composed of the polypeptide linked to 
the modified HBcAg partides are recovered, for example by f Qtratfon. 

The modified HBcAg core partides may t>e cart>oxymethylated t>efore use. The purpose of this is to block 
sulphydryi groups on the core partides prior to derivatisation and therefore to prevent core proteins from cross- 
llnkingiwhen a foifunctfonal reagent is used to couple the N-terminal^side chain amino group^n the core par- 
. tteles to a -SH group on a pdypeptide. Carboxymethylatlon can be achieved t>y reacting the core partides with 
iodoacetamide. Excess reagent can be separated by gel f Otration or dialysis. 

The conjugates are useifol for raising antibody to the anttgente determinant presented by the polypeptide 
linked to the HBcAg parUdes. The conjugates therefore may be used as vacdnes for humans or animals. Vao- 
cinatton Is achieved by administering to a human or animal an effective anrKHint of the conjugate. An oral route 
era parenteral route such as suthcutaneou^, intravenously or Intramuscularly may be adopted. Typically, the 
fxmjugate is administered in an amount of 1 to 1,000 pg per dose, more preferably 10 to 100 pg per dose, by 
either the oral or the parenteral route. . 

For administradon, a conpgate Is typically formulated with a phannaceutically acceptebte carrier or dilu- 
ent Conventional formulatbns, carriers, adjuvante and diluents may be employed. These wilt of course be de» 
termined by the route of administration. Suitebie carriers and dBuente indude Freund's Incomplete adjuvant 
(IFA), aiuminkim hydroxide, saponin. DEAE-dextran, muramyl dipeptkfe. mineral oils, neutral ols audi as mi- 
glycol, vegetable oHs such as arachis ol. Iscoms". liposomes, Pluronic (trade nrark) pdyols or the RibI acQuvant 
system (GB-A-21 89141). 

The foUowing Examples illustrate the inventksn. In the accompanying Rgure pteismid pBc404 is shown. B. 
E and P denote restrictfon sites for BamHl, EcoRI and PstJ respectively; tec denotes the tec promoter; ori de- 
notes the or^n of rB(rik:afon; bla denotes p-lactamase and SD denotes the Shine-Dalgarno sequence. 

Example 1: Preparation of HBcAg provided at its N-termlnus with a short ext nslon comprising PV1 Maho* 
nay VP1 residues 95 to 104 (PV core) 

An expresston plasmid for PV core was prepared, based on the parent plasnM pBc404 shown h the Figure. 
Synthetk: ollgonudeonudeob'des representing amin acids 95 to 1 04 of VP1 from PV1 Mahoney were i^ated 
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into pBo404 using T4ligas by 8tandaRlproe8<lure8.The8yntheticoligonudeolid6s. how they anneal together 
and the OMllng sequeiKM of the t4-terinind exiBnsto 

1. AATTCAGATAATCCGGCrAOTACTACCAACAAAGXTAAO C39) 
2. GATCCTTATCTTTGTTGGTAGTACTAGCCGGATTATCTG (39) 

AATTCAG ATAATCCAGC TAGTACTACC AACAAAGATA AG 

GTC TATTA6GTC0 ATCATGATGG •TTGITTCTAT TCCTAGG 



10 20 30 40 

ATGAATTCAGATAATCCAGCTAGTACTACCAACAAAGATAAGGATCC CO ce 

MNSDHPASTTHKDK.D 

, I. ■ ■ — ' 



LINKER POLIOVIROS 

Bacteria (E. cpli JM 101) harbouring the recombinant plasmid were induced for expression using 60 fig/m! 
of isopropyf*9-D-fchk)9aiacl0pyranosrde (IPTG) for 6 hours. Ceils were harvested by centrifugation, lysed by 
(ysozyme and non-fonte detergent IrBatment Bacterial debris ¥ras removed centrffugation al 10000 rpm for 
5 mirnites. 

Supernatant samples were fractionated on 15-45% linear sucrose gradient at 50000 rpm for 1 hour 15 mtn- 
utBs at 20^C. Partldes were detected by opticai density at 260 nm. The particles were concentrated by cen- 
trifiigation at 40000 rpm for 1 hour or used directly for derivatisation after dialysis of sucrose. 



Example 2: Coupling of the peptide composed of FMDV VP1 residues 141-160, which has aiso a Otermi> 
nai Cys residue. (FMDV 141-160 Cys> to PV cores 

PV cores, purified on two consecutive sucrose gradients, were passed at a concentration of 5 mg/ml in 10 
mM phosphate buffer of pH 7.2 through a Sephadex (trade maric) G1 00 cokimii. The PV cores in 1 0 mM phos- 
phate buffer at a concentration of 2 mg/ml were then derfvatised by adding 1/20 volume of SMCC dissolved 
in dry dimethylfbrmamida so that the final concentration of SMCC in the PV core sample is a 50 times molar 
excess relative to the PV core protein. 

After 30 minutes at room temperature, the SMCC was removed by fatration through Sephadex 6100 in 
10 mM phosphate buffer, pH 7.2. Freshly dissolved FMDV 141-160 Cys was added in 1/10 vdume to give a 
1 0 times molar excess of the peptide with respect to the derivatised PV cores. After stirring at room temperatore 
for 2 houis, uncoupled peptide was separated from the derivatised PV cores by ffllration through Sephadex 
6200. The PV cores with the peptide attached were recovered. 

Example 3: Coupiing of HRV2 peptide to PV cores 

FoBowing the procedure described in Example 2, the HRV2 peptide which enconr^asses the NltihU epitope 
and which has the sequence: 

VICKBTRLNPDLQPTC 



was coupled to PV cores. The PV cores with peptid attached were recovered. 
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Example 4: Caiboxym thyfatton of PV cores 

PV cores after dialyste of sucrose and ooncerttratiofi by centilugation wbre re^ in an amount of 2IM) 
5 iigAnl with lOmMtodoacetamlda In 0.5MTris»pH8wO, fori hour at room temperature.in the dark. Excess re- 
agent was separated from the thus cartxsxymethyfated PV cores by gel f Ofarafion. 

Example 5: Coupling of hepatitis B surface antigen (HBsAg) to cartwxymethylated PV cores 

10 Carfooxymethylated PV cores from Example 4 were derhratised with an equomdar anwint of SMCC in di- 
methylformamide (DMF). The amount of SMCC was one-twentieth the vohjmie of DMF. HBsAg particles ex- 
pressed In yeast were derivatised at 200 \igM with S-acetytthioglycollc add M-hydroxysucdnlmide ester 
(SATA). again at equimola' ratios In DMF. The amount of SATA was also one-twentieth the volume of DMF. 
After deacetyiation of the SATA%nth hydioxylamlneto produce free -SH groups, equal volumes of the two der- 

15 ivatised particles, each of 200 pg/irl. were mbced. The PV cores with HBsAg attached were recovered. 

Example 6: Coupling of FMDV peptide and HRV2 pepBde to carboxymethylated PV cores 

> The FMDV 141-160 Cys peptide was coupled to carboxymethylated PV cores in accordance v^h Example 

20 5. In a separate experiment* the HRV2 peptide descrit>ed in Example 3 was coupled in the same way to car- 
boxymethylated PV cores. In both cases, however, derivatisation was effected in 50mM phosphate buffer, pH 
7.8, followed by transfer to 50mM phosphate buffer, pH 6.8, as quickly as possible after derivafisation to sta- 
bilise the maleimide group. 

25 Example 7: Test results analy^ng the coupling of FMDV perrtide and of HRV2 peptide to PV cores 

Tests were carried out to analyse the PV cores with FMDV peptide attached, otitained in Examples 2 and 
6, and with HRV2 peptide attached, obtained in Examples 3 and 6. as follows: 

(a) Pdyacrylamlde gel eledrophoresis. This showed that all of the core protein had been shifted to a higher 
30 mdecular weight due to the eddition of peptide. 

(b) Western blotting. Following gel electrophoresis proteins were transferred to nitro oeDulose and reacted 
with anticore or antipeptide anttsera. The results showed that the higher molecular we^ht forms of the 
protein appearing after coupling reacted with both antisera as expected. 

(c) EUSA. 

35 (]) Assays were performed tyy a sandwich method in which anticore antiserum txHind to the ELISAplate 

.'^r^..-^^ .^.v. ^ ^e*^^ ^ wasusod to*d0derivaOsedoorBt»fide«'=Rietest^were'developedf^^ 

antiserum. These showed that ttie derivatised particles had both core and peptide antigenicity. 

(ii) Titration by EUSA of ant!-HRV2 peptide antiserum against fusion core particles where the HRV2 

peptide sequence was fused to the {^terminus of the core protein and against PV cores to which the 

40 HRV2 peptide was coupled gave simDar results. As equel amounts of the two particles were used In 

the assay, the antigenic activity of the N^termbial fusion particles and the chemically coupled particles 
was substantially the same. The anli*HRV2 peptide antiserum was antiserum raised against the HRV2 
peptide attached In Examples 3 and 6. 

(d) Sucrose density gradients. This analysis showed that coupling of the FMDV peptide to cores resulted 
45 in partide aggregation. They pelleted to the bottom of the tube. PV cores coupled with HRV peptide sedK 

mented to the same position as untreated cores and had both core and peptide Imrminogeni^ l»y EUSA. 

(e) Electron microscopy. PV cores coupled to HRV2 peptide have been examined and are regular looking 
particles. Electron microscopy of bnmune complexes formed between PV cores coupled to HRV2 peptide 
end ant}-HRV2 peptide antiserum showed that the core partteles were linked tiy antil)ody. 

50 (f) Invnunogenidty. 

(i) FMDV peptide coupled to cores gave neutralizing activfty with <20|ig of ooufded material (<2|ig pep- 
tide). 

(n) The immunogenic activity of the HRV2 peptide N-termlnal fusion core particles and the chentically 
coupled particles was compared in guinea pigs using 20 ^g doses of each antigen. The antisera were 
55 tested at various times post-injection by ELISA against the HRV2 peptide. The results were: 
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10 



10 



boost 



Day Chemically coupled core 

0 <1 

14 2,9 

28 3.9 

56 3.9 

63 4.1 

70 4.1 

84 4.2 



fusion core 

<1 

2.3 

i,3 

4.0 

3.9 
3.9 
3.9 



20 The antigens were injected intramuscularly in Incomplete Freunds adjuvant 

Example 8: Preparation of FMPV tandem repeat peptides 

The peptides shown below were synthesised by t he solid-phase method. More specifically, synthesis was 
25 carried out using an adaption of the Merrff ield technique (Merrif ield, JAGS 85 2149-21 54, 1 963) described by 
Houghten (Houghten. Proc. Nati. Acad. Scf. USA 82 5131-5135. 1985). Each peptide has an additional non- 
natural cysteine residue at its C-terndnus except for peptide 199 which has a Oterminal non-natural glycine 
residue. 

Each peptide was synthesised on a p-methyl-benzhydrylamlne divinylbenzene resin. The alpha-amino 
30 protecting group on each amino acid was t-butoxycart>onyl (Boc). Each coupling c^e was as foliows: 

1. Wiash resin with dichloromethane - 10 minutes 

2. Wash with 5% diisopropyiethytamine in dichloromethane - 2 minutes x 3 

3. Dichloromethane wash - 1 minute x 2 

4. Couple t-butoxycarbonyl amino add dichloromethane, 0.3M d^propylcart>odtlmide - 60 minutes 
95 5.AS3 

* A. >w.'^ ''t>4-^^^^a;i>eprotect with^ 50% trifhJon>ao^ dichloromethane - '20 minutes • - ^-^v^, v 

* 7. Dichloromethane wvash - 1 minutes x 6 
8. Return to 2. 

- When the coupling cydes were completed the peptide was deaved off the resin using hydrogen fluoride 
40 for 1 hour with an anisde scavenger 10%. The peptide was thus oi>tained with a cartx»^-termtnal amide group. 
It was then ether washed, dried, dissolved In 15% acetic acid and lyophlized. 
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10 



15 



VIRUS PEPTIDE 

PMDV 137-162-137-162-Cys 
0,/0, 0, 0, 

{ NRNAVPNLRGDLQVLAQKVARTLPTS ) ^ , C 
PMDV 1 37-162-137-162-Gly 
0,/0, 0, 0, 

( NRNAVPNLBGDLQVLAQKVARTI.PTS ) ^ ^ G 
FKDV 137-162-137-162-Cys 
0,/0, 0, 0, 

( NRNAVPKLRGDLQVIAQKVARTLPTS ) ^ , C 
PMDV 137-162-137-162-Cys 



2 B/A^ J B Aj^ , 



*1 2 



35 



( YSASGSGVRGDLGSLAPRVARQLPAS ) , , C 
FWDV 145-150*145-150-14S-160>Cys 
<>x/0x/0x 0, 0, 0, 

RGDLQVRGDLQVRGOLQVLAQKVARTLPC 
PMDV 145-150-145-160-Cys 

RGDLQVRGOI.QVIAQKVARTLPC 



REFERENCC 
NUMBER 

198 



199 



315 



318 



112 



113 



Example 9: Preparation of FMDV mixed serotype tandem repeat peptides 

The peptides shown t>elaw were synthesised by the solid-phase method descnt)ed in Example a 
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10 



15 



20 



25 



30 



35 



VIRUS 
PWDV 

PMDV 
A„B/0, 



PEPTIDE 

137-162-137-162-Cy5 
Ox ' 

NRNAVPNLR6DLQVLAQKVARTLPTS-- 

ySASGSGVR6DLGSLAPRVARQLPAS-C 

137-162-137-162-Cys 

YSASGSGVRGDLGSLAPRVARQLPAS- 
NRNAVPNLRGDLQVLAQKVARTLPTS-C 



A„B 



REPSRENCE 

NUMBER 

316 



317 



To construct chimaeric fusion particles coding for a specific N-terminal HRV2 VP2 epitope comorfefna VP2 
resdues 156 to 170. synthetic ollgonudeotides with cohesive ends for EcoRI (S") and BamHl (3-) fSeaivI2 
were prepared using an Applied Bfosystems 381 A DMA synthesiser. These oHgonudeotides were «aaM6to 
EcoR^amHI di^^^^ 

Sil SIJJS ^ Enrymotogy 178, 659^6. 1989). This DNAwas then transformed into E. coli 

!f recombinant plasmids were restriction mapped from small scale DMA preparations Thes^ 

thetic oiigonudeotides. how they anneal together and the coding sequence of the N-terminal extension i 

.1. AATTCAGTTAAAGCGGAAACGCGTTTG 
2. AACCCAGATCTGCAACCGACCGAATGCCGG 
3 ; GATCGCGGGATTCGGTCGGTTGCA ^ , : v 
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4. GATCTGGGTTCAAACi5CGTTTCCGCTTTAACTG 

AATTCAG TTAAAGCGGA AACGCGTXTG AACCCAGATC TGCAACCGAC 
GTC AATTTCGCCT TTGCGCAAAC TTGGGTCTAG ACGTTGGCTG 
CGAATCCGC ^ 
GCTTACGGCC CTAG 

30 

ATG AAT TCA CTT AAA GCG GAA ACG CGT TTG AAC CCA GAT 
JL 



NSVKAETRI.N 



LINKER HRV2 VP2 EPITOPE 

20 60 

CTG CAA CCG ACC GAA TGC CGG GAT CC core 

LQPTECRD 

25 

Bactaria harbouring recombinant plasnnids vvere grown overn'^ht in L-Amp medium to high cell density and 
dButed with fresh L-bioth (1 :iO) the following day. Expression was loutin^y induced by the immediate add-on 
of IPTG (60 ^g/iTd final concentration) and the bacteria allowed to replicate for a further &-8 hr at 37*^. Bacteria 
were then harvested and chimaeric core particles, with N-terminai peptide epitopes, purified and characterised 
30 as previously described (Clarke et ai^ Nature 330. 381-383, 1987; Francis and Clarice, 1989). 

Example 11: Coupling of HBsAg to HRV2 cores 

HRV2 cores from Example 10 were derivatised with an equlmolar amount of SMCC in DMF. The amount 
35 of SIS/ICC was one-twentieth the volume of DMF. Yeast>expressed HBsAg were derivatised at 200 pg/ml ^h 

lation of the SATA with hydroxylamine to produce free -SH groups, equal volumes of the two derlvatbed par- 
tides, each of 200 |ig/ml, were mixed. The HRV2 cores with HBsAg attached were recovered. 

40 

Claims 

Claims for the following Contracting States : BE, CH» DE, DK, FR, GB. IT, U, NL, SE 

45 1. Hepatitis B core antigen (HBcAg) particles which carry a polypeptide which presents an antigenic epitope. 

characterised In that the HBcAg particles are composed of HBcAg provided with a N-terminal extension 
incorporating a Lys residue within the first fourteen N-terminal amino acid residues of the exten^n and 
the said polypeptide Is coupled to the partides via the side chain amino group of the Lys residue. 

Partides according to daim 1 , wherein the polypeptide comprises an antigenic epitope capaksle of raising 
neutralising antibodies. 

Partides according to datm 2, wherein the epitope is an epitope of a virus, bader^, or protozoan. 

Partides according to any one of the preceding daims, wherein the polypeptide Is up to 50 amino add 
residues I ng. 

Parties according to any one of the preceding daims, wherein the N-ter ntinal xtension Is up to 80 amino 
add residues long. 



50. 
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0. Partides aooordbtg to dafm 5, wherebi the N-terminal extension is up to 40 amino add residues long. 

7. Partides according to dafrn 6, wlierein the N-temriinai extension is up to 20 amino add residues long. 

8. Partides according to any one of the preceding daims, wherein the N-tarminai extension comprises re- 
sidues 95 to 102 of the VP1 capsid protein of a type 1 potiovirus or residues 156 to 164 of the VP2 capsid 
protein off human rhinovfrus (HRV) type 2 or equivalent andno add residues of another HRV. 

9. Particles according to any one of the preceding claims, wherein one Lys residua is present within the first 
twelve f4-terminal amino add resMues of the extension. 

10. Partides acceding to daim 9, wherein one Lys residue is present within the first five N-terminal amino 
acid residues of the extension. 

11. Partides according to any one of the preceding daims» wherein two Lys residues are present within the 
first fourteen N-termihal amino acid residues of the extensloa 

12. Partides acooid&ig to any one of the preceding daims, wherein the HBcAg provided with the N-temUnal 
extension is carbo^^ethylated. 

13. A process for the preparaUon of HBcAg partides which carry a polypeptide which presents an antigenic 
epitope, characterised In that the polypeptide is coupled to HBcAg partides, which are composed of 
HBcAg provided with a r^terminal extension Incorporating an exposed Lys residue within the first fourteen 
N-terminal amino add residues of the extension, via the side ^ain amino group of the Lys residue. 

14. A process according to dalm 13. In which the HBcAg provide with the N-termln^ extension is carboxy- 
methylated prior to coupling of the polypeptide. { 

15. A pharmaceutical composition comprising a phar maceutically acceptable carrier or diluent and. as active 
principle, HBcAg partides as defined In anyone of daims 1 to 12 or which have been prepared by aproo- 
ess as daimed in daim 13 or 14 which carry a poiypeptide which presents an antigenic epitope. 

Claims for the following Contracting State : ES 

1. A process for the preparaton of HBcAg partides which carry a polypeptide which presents an antigenic 
epftope, which process comprises the step of coupling the polypeptide to HBcAg partides. which are com- 

' j^sbd of HBcAg pmvidefd with^ the 

first fourteen N-terminal amino add residues of the extension, via the side chain an^no ginoup of the Lys 
re^due. 

2. A process according to dalm 1, bi which the HBcAg provided with the N-terminal extension Is carboxy- 
methyiated prior to coupling of the polypeptlda. 

3. A process according to daim 1 or 2, whereiii the pdypeptide comprises an antigenic epitope capable of 

raising neutralising antibodies. 

4. A process according to daim 3, wherein the epitope is an epitope selected from an epitope of a virus» an 
epitope of a Imcterium and an epitope of a protozoan. 

5. A process according to any one of the preceding daims, wherein the polypeptide Is up to 50 amino add 
residues long. 

6. A process according to any one of the preceding daims, wherein the N-terminal extension Is up to 60 ami- 
no add residues long. 

7. A process according to daim 6, wherein the N-terminal extension is up to 40 amino add residues tong. 

8. A process according to daim 7, wherein the N-termtnal extension is up to 20 amino add residues long. 

9. A process according to anyone of the preceding claims, wherein the N-terminal extension Is selected from 
an extension which comprises residues 95 to 102 of the VP1 capsid protein of a type 1 pdibvirus and an 

13 
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extension which comprises residues 156 to 164of the VP2<»psUI protein of human rhinowirus (HR\Oty^ 
2 or equivalent residues of another HRV. 

5 10. A prooBSs according to any one of preceding claims, wherein one Lys residue is present vrfthin the first 
twelve N-terminal amtno acid residues of the extensioa 

11. A process acconJing to daim 10. wherein one Lys residue Is present within the f irstfive M-termfnal amino 
acid residues of the extension. 

12. A process according to any one of the preceding datms, wherein two Lys residyes are present within the 
first fourteen M-terminai aniino acid residues of the extension. . 

13. A process according to any one of the preceding dalms, further comprising forming a pharmaceutical 
composition by formulating a pharmaceuticaliy acceptatsie carrier or dSuent with the said HBcAg partides 
carrying the polypeptide which presents an antigenic epitope which have been obtained. 



Patentanspruche 

Patentanspruche fQr folgende Vertragsstaaten CH, DE, DK, FR, GB, IT, U. NL, SE, BE 

1. Hepatitis B-Kemantigen (HBcAg^Teilchen, die ein Pdypeptid tragen, das ein antigenes Epitop aufweist, 
dadurch gekennzeichnet. daft die HBcAg-Teilchen zusammengesetzt sind aus HBcAg. das mit einer N« 
endstSnd^en Erweiteninjg mit einem Lys-Rest innerhalb der ersten 14 N-endstdndigen Aminosaurereste 
der Erweiterung versehen ist, wobei das Polypeptid an die Teilchen Ober die Seitenkettan-Aminognippe 
des Lys-Restes gelcuppeit ist > . 

2. TeOchen nach Anspruch 1 , wobei das Polypeptid ein ant^enes Epitop aufweist, das zur Bidung von neu^ 
tralisiersnden Antikdrpern t>efiihigt ist 

3. Teachen nach Anspruch 2, wobei es sich beim Epitop um ein Epitop eines Virus, B^eriums oder Proto* 
zoons handelt 

4. Teachen nach einem der vorstahenden AnsprOche, wobei das Polypeptid eine L^nge von bis zu 50 Ami* 
nosaurerssten aufweist 



TrfcRen nacfi 
bis zu 60 An^nosSureresten aufweist 

^ 6. Teachen nach Anspruch 5, viobe\ die N-endstSndige Erweiterung eine L.Snge von bis zu 40 Amlnosdure* 
resten aufweist 

7. Telchen nach Anspruch 6, wol)ei die N-endstandige Erweiterung eine LSnge von bis zu 20 An^nosSure* 
resten aufweist 

^ A. Teachen nach einem der vorstehenden AnsprOche, wobei die N-endstindlge Erweiterung die Reste 95* 
102 des VP1*Capsid-Proteins eines Typ l-Poiiovirus oder die Reste 155-164 des VP2-Capsid-Proteins 
von humanem Rhinov^us (HRV) Typ 2 oder dqutvalente Amfnosdurereste eines anderen HRV umfa&t 

9. Teachen nach einem der vorstehenden Ansprikhe, wot>ei 1 Lys-Rest innerhaib der ersten 12 N-endstin> 
50 digenAminosaurereste der Erweiterung vorhanden ist 

10. Teachen nach Anspruch 9. wotsei ein tys-Rest innerhaib der ersten 5 N-endstSndigen AminosSurereste 
der Erweiterung vorhanden ist 

11. Teachen nach einem der vorstehenden Anspruche.wot)ei 2 Lys--Reste innerhaib der ersten 14 hl-endstSri- 
dig n AiTU^nosSureresta d r Erweiterung vorhanden sInd. 

1Z Teachen nach etnem der vorstehenden Anspruche. wobei das HBcAg, das rritt der N-endstdndigen Er- 
weiterung versehen ist, carboxymethyliert ist 

14 
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13. Verfahren zur Herstetlung von HBcAg-Teichen, die e{n Polypeptkl tregen, das ein anttgenes EpUop auf- 
weist, dadufch gekennzeichnet, daft das Polypeptid an HBcAg-Teilchen* die aus HBcAG, das e^e N-end* 
stindfge Erweiterung mit einemfireOiegenden Lys-Rest innerhalb der erstan 14 N-endstdndFgen Anrsino- 
siurereste der Erweiterung aufweist, zusammengesetzt sind» Qber die Selfenkette^Amlnogruppe. des 
Lys-Restes gekuppelt ist 

14. Verfahren nach Anspruch 13, wobei das HBcAg der N-endstindigen Erweiterung vor der Kupplung des 
Polypeptids caitKxxymethyliert wird. 

15. Pharmazeutische Zusammensetzung, enthaitend elnen pharmazeutisch vertrdgllchen Trdgerstoff oder 
Verdunnungsmittel und als Wirkstof f HBcAg^Teilchen, die der Oef inibon in elnem der Anspruche 1-12 ent- 
sprechen oder die gennaa einem Verfahren nach Anspruch 13 oder 14 hergesteQt worden sind. d'» ein 
Polypeptid mtt einem antigenen Epitop tragen. 

PatontansprOche fOr folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung von HBcAg-Teflchen, die efn Polypeptid tragen, das ein antigenes Epitop auf- 
weist, umfassend die Sbife der i<uppSung des Polypeptids an die HBcAg-Teilchen, die aus HBcAg. das 
mit ebier N-endstSnd{gen Erweiterung mit efnem freHiegenden Lys-Rest innerhalb der ersten 14 N-end- 
stSndigen Aminosaurereste der Erweiterung versehen ist, zusammengesetzt sind, Gber die Seitenketten* 
Aminogruppe des Lys-Restes. 

2. Verfahren nach Anspruch 1, wobei das HBcAg mit der N-endstandigen Erweiterung vor der Kupplung des 
Polypeptids carboxymethyliert worden let 

3. Verfahren nach Anspruch 1 oder 2, wobei das Polypeptid ein ant^enes Epitop aufweist, das zur Bildur^ 
von neutralisierenden Antilcorpern t>e@higt ist 

4. Verfahren nach Anspruch 3. wobei es sich bebn Epitop um ein Epitop eines Vft-us, Bakteriums oder Pro- 
tozoons handelt 

5. Teilchen nach einem der vorstehenden AnsprOche, wobei das Polypeptid sine Ldnge von bis zu 50 Arai- 
nosdureresten aufweist 

6. Verfahren nach einem der vorstehenden AnsprQche, wobei die IM-endstdndige Erweiterung eine tdnge 
von bis zu 60 Aminosdureresten aufweist 

7. Verfahren nach Anspruch 6, wobei die N-endstdndige Erweiterung eine tSnge von bis zu 40 Aminosiu^ 
reresten aufweist 

B» Verfahren nach Anspruch 7. wol)ei die l4-endst3ndige Erweiterung eine tSnge von bis zu 20 Aminosiu- 
rereSteri aufweist 

9. Verfahren nach einem der vorstehenden Anspruche, wobei die N-endstindige Erweiterung ausgewShIt 
ist unter Erwelterungen, die die Reste 95-102 des VPI-Capsid-Protelns eines Typ l-Pdbvirus Oder die 
Reste 158-164 des VP2-Capsid-Pfotains von humanem Rhinovlrus (HRV) typ 2 oder dquhralente Reste 
eines anderen HRV umfessen. 

10. Verfahren nach einem dervorstehenden AnsprQche. wobei 1 tys-Rest Innerhalb der ersten 12N-endstdn- 
digen Amlnosiurareste der Erweiterung vorhanden ist 

11. Verfahren nach Anspruch 10, wobei ein Lys-Rest innerhalb der ersten 5 N-endstSndlgen Aminosdurereste 
der Erweiterung vorhanden ist 

12. Verfahren nach einem der vorstehenden Anspruche, wobei 2 Lys-Reste Innerhalb der ersten 14 N-end* 
stdndigen Aminosdurereste der Erweiterung vorhanden sind. 

13. Verfahren nach einem der vorstehenden AnsprOche, ferner umfassend die BSdun'g einer pharmazeuti* 
schen Zusammensetzung durch Herrlchten eines pharmazeutisch verlrSglichen TrSgers oder VerdQn* 
nungsmittsis mit den erhalten n HBcAg-Teflchen, die das Polypeptki tragen, das ein antigenes Epitop auf- 
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welst 
5 Reveridlcatloria 

Ravendlcatlons pour les Etats contractants sulvanU : BE, CH, DE, DK, FR, GB, IT, LI, ML, SE 

1. Partfeules de i'antig^ du coeur de iti^patite B (HBcAg) qui portent un polypeptide qui pr6senta un 6pi- 
10 tope antig^nique, caract6ris6es en ce que ies particules HBcAg sent compos^Bs de HBcAg nmni d'une 

extension N-terminale incorporant un r6sidu lysine dans ies quatorze premiers residua adde amin6 N- 
terminaux de {'extension et en ce que te polypepfide est ooupl6 aux parlioules par la radical amino de 
chaTne Iat6raie au r6sidu lysine. 

iS 2. Particules suh^ant la revendication 1, oii le polypeptide comprend un 6pKope antigdnique capable de pro- 
duire dea antioorps neutralisants. 

3. Particules suivant la revendication 2» oO r^pitope est un Epitope de virus, de bactdrie ou da protozoaire. 



20 



4. Particules suivant Tune quelconque des revendications pr6c6dentes, oO le polypeptide a una longueur 
de Jusqu'd 50 r6sidu8 adde amln6* 

5. Particules suivant Tune quelconque des revendications prteMentes, oCr rextension N-termfnate a una 
torigueur de Jusqu'di 60 r^dua adde amln6. 

25 a. Partictdas suivant la revendication 5, oO rextension N-terminale a una longueur de Jusqu'd 40 nteidus ad- 
de amin6. 

/ 

7. Particules suivant ia revendh:ation 6, oil rextension N-terminale a una longueur de Jusqu'd 20 residue ad- 
de amin6. 

30 

a. Particules suivant Tune quelconque des revendications pr6c^entes, oO Textension N^terntinale 
comprend Ies r6sidu$ 95 & 102 de la prot^lne de capside VP1 d'un poliovirus de type 1 ou Ies rdsidus 
156 d 164 da la protdine du capside VP2 du rhinovirus humain (HRV) de type 2 ou Ies rteidus adde miin^ 
Equivalents d'un autre HRV. 

3$ 

9. Particules suivant I'une quelconque des revendications pr6c6dentes, oO un r6sidu lysine est present dans 

10. Particules suivant la revendication 9, oCl un rdsidu lysine est present dans las dnq premiers rteidus adde 
amind N-terminaux de I'extensloru 

40 

11. Particules suivant Pune quelconque des revendlcattons pr^cMentes. oO deux rteidus lysine sent prftsents 
dans Ies quatorze premiers rdsidus adde anvnE N-terminaux de Textenslon. 

12. Particides suivant Tune quelconque des revendications pr6c6dentes, oO le liBcAg muni de ^extension N* 
^ tarmSnaleestc^WDcym^thyi^ 

13. Pr>cM6 pour ia preparation de particdes de HBcAg qui portent un pdypeptide qui pr6senta un Epitope 
anfigSnique, carad6ns6 en ce que le pdypeptide est coup{6 aux particules HBcAg. qui sent composdes 
de HBcAg muni d'une extension N*terminale Incorporant un rdsidu lysine expos6 dans quatorze premiers 

50 r6sidus adde amin6 N-terminaux de i'extension par le radical amino de chaTne Iat6raie du r6sidu lysine. 

14. ProcM6 suivant la revendication 13» dans lequel le HBcAg muni de I'extendon N-terminale est carboxy- 
mdthyt6 avant le couplage avec le polypeptide. 

15. Composition pharmaceutique comprenant un exdpient ou diluent pharmaceutiquement acceptable et. 
oomme prindpe actif. des particules HBcAg ddfinies dans I'un quelconque des revendicationa 1 ft 12 ou 
qui ont 6t6 prfepardes par un proc6d6 suivant la revendication 13 ou 14 qui porta un polypeptid qui pr6* 
sente un Epitope antigEnique. 
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Revendlcalions pour TEtat eontraetant sulvant : ES 

I. Pn>c6d6 de preparation da particules HBcAg qui portent un polypeptide qui pr6sente un Epitope antigd- 
nlque, lequal pfpc6d6 comprend I'^tape da couplage du polyp ptide aux particutes HBcAg, qui aont 
con^s688 d'HBcAg murd d'una extension N-terminale Incorporant un r6sidu lysine exposd dans lea qua- 
torze premiers rteldus adde amM N-termktaux de I'extension. par la radical amino da la chama latdrala 
du r6sidu lysine. 

2* ProcM6 suivant la cevendication 1, dans lequel le HBcAg muni de I'extenslon^l-terminale est cart)Oxy- 
m^thyie avant le couplage au polypeptide. 

3* Proc^6 suivant la revendication 1 ou 2, dans (equel te polypeptide oomprend un Epitope antigdnique ca- 
pMe de produira des ianticorps neutialisants* 

4. Proc6d6 sulvant la revendication 3. dans lequel I'dpitope est un Epitope choisi par ml un dpitope da virus, 
un epitope de bactdrle et un epitope de protozoaire. 

5. Precede suivant Tune quelconque des ravendications precedentes, dans lequel le polypeptide a une lon- 
gueur de Jusqu'd 50 residus acide amine. 

6. Procede suivant I'une quelconque des revendteattons precedentes, dana lequel Pextensbn N-temtinale 
a une longueur de jusqu'd 60 r6sidus ackle amine. 

7. Precede suivantia revendication 6» dans lequel I'extension N-terminaie a une longueur de]usqu*e 40 re- 
sidus adde amine. 

8. Precede suivant la revendication 7, dans lequel Textension N-terminale a une longueur de jusqu'e 20i're* 
sidus adde amine. 

9. Precede sulvant Tune quelconque des revendlcations precedentes, dans lequel I'extension N-tsrminale 
est choisie parmi une extension qui comprend les residus 95 d 102 de la preteine de capside VP1 d'un 
poUovirus de type 1 et une extension qui comprend les residus 156 d 164 de la preteine de capside VP2 
d'un rhlnovirus humain (HRV) de type 2 ou des residue equivalents d'un autre HRVl 

10. Precede sulvant Tune quelconque des ravendications precedentes, dans lequel un r6sidu lysine est pre- 
sent dans les douze premiers residus acfde amine N-terminaux de Textension. 

II. Precede suivant la revendication 10, dans lequel un r6sidu lysine est present dans les dnq premiers re- 
sidua adde amine N-terminaux de I'extension. 

12. Procede suivant I'une quelconque des revendicaUons precedentes. dans lequel deux residua lysine sont 
presents dans les quatorze premiers residus adde amine N-termlnaux de I'extension. 

13. Procede suivant I'une quelconque des ravendications pr6cedentes, oomprenant de ptua, la fbrirtatlon 
d'una composition pharmaceutique par formulation d'un diluent ou exdplent pharmaceutiquement accep- 
table avec les partfcuies HBcAg portant le polypeptide qui presente un epitope antigenique qui ont ete 
obtenues. 
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